Objective: The paradigm of acute care surgery has revolutionized nonelective general surgery. Similarly, nonelective vascular surgery may benefit from specific management and resource capabilities. To establish the burden and scope of vascular acute care surgery, we analyzed the characteristics and outcomes of patients hospitalized for vascular surgical procedures in Maryland.
1
Core elements of this model include continuous staffing, high-level critical care resources, and 24/7 access to the operating room. Naturally, many acute care surgery programs are centered at academic and tertiary referral hospitals. 2 During the course of the last decade, it has become clear that implementation of an acute care surgery program improves clinical, system, and professional outcomes. As applied to general surgery, the acute care model is associated with decreased time from consultation with the patient to the operating room, fewer complications, and shortened lengths of stay, potentially translating into lower mortality and resource use. [3] [4] [5] Furthermore, by concentrating emergency surgical care within a dedicated service, the model improves broader productivity by enabling higher elective case volumes by surgeons freed from the demands of call 6, 7 while reducing the number of cases that need to be performed after hours. 8, 9 Vascular surgery faces concerns about its ability to provide urgent and emergent care. 10, 11 There is a shortage of on-call vascular coverage for emergency departments, a situation that will become more severe as the burden of cardiovascular diseases continues to outgrow the supply of vascular surgeons. 12, 13 There is also the risk of a younger generation of vascular specialists shifting toward predominantly outpatient, endovascular practices. Finally, changes in vascular surgical training and trends in the regionalization of complex surgical The editors and reviewers of this article have no relevant financial relationships to disclose per the JVS policy that requires reviewers to decline review of any manuscript for which they may have a conflict of interest.
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METHODS
This was a retrospective analysis of the Maryland Health Services Cost Review Commission (HSCRC) inpatient data set. The HSCRC data set includes deidentified patient-level data for every inpatient admission to each nonfederal hospital in Maryland. Data elements include demographics, admission acuity, Centers for Medicare and Medicaid Services Version 32 International Classification of Diseases, Ninth Revision procedure and diagnosis codes, Diagnosis-Related Group adjusted All Patient Refined Severity of Illness scoring, hospital costs, and inpatient mortality. Use of the data set was approved under terms of a data use agreement with the HSCRC board. The University of Maryland, Baltimore, Institutional Review Board approved the study. Because the database is deidentified, consent of the subjects was not required.
Noncardiac vascular procedure codes were compiled from the HSCRC data dictionary. Patients undergoing vascular procedures were identified and stratified by admission acuity as elective or acute (urgent and emergent); patients undergoing more than one vascular procedure per admission were included only once. Within the database, an urgent admission is defined as "medically requiring admission within 6 to 48 hours of request"; an emergency admission requires "admission within 6 hours of request." 15 Table I . The procedure codes lacked specificity, but elective patients underwent more endovascular aortic repairs and procedures for chronic cervical and peripheral arterial occlusive disease; acute patients had more inferior vena cava filter placements, thrombolytic interventions, and major amputations.
Acute vascular patients were younger (44% vs 53%; P < .0001) and were more often nonwhite (40% vs 30%; P < .0001; Table II) . Whereas acute vascular patients had similar or lower rates of hypertension, diabetes, and chronic obstructive pulmonary disease, they were more likely to have cardiac disease or renal insufficiency. Reflecting greater physiologic acuity, acute vascular patients had higher illness severity, with more than half having major or extreme severity of illness. Consistent with this, acute vascular patients had substantially worse outcomes (Table III) . They required more critical care resources, including blood product transfusion, dialysis, and mechanical ventilation. Their median hospital length of stay was double that of elective patients, and their hospital charges were significantly higher. Finally, acute patients had substantially higher mortality (4% vs 1%; P < .0001). Broken down by each subgroup, increasing admission acuity was associated with stepwise increases in organ failure and death (Fig) . Finally, after multivariable analysis controlling for demographics and comorbidities, the acute vascular designations were strong and independent predictors of mortality (urgent odds ratio, 2.1 [interquartile range, 1.9-2.4]; emergent odds ratio, 3.0 [interquartile range, 2.7-3.2]). 
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DISCUSSION
VACS is a major component of inpatient vascular practice in the state of Maryland. Compared with elective patients, this group is more severely ill, requires more resource-intensive care, and has substantially higher mortality. This analysis is the first to define the scope of VACS as a potential subspecialty within vascular surgery. In doing so, this study demonstrates both a need and an opportunity to improve patient outcomes and clinical processes through development of specialized VACS services centered in tertiary referral centers.
The potential scope of VACS is vast. Although some of these interventions, such as inferior vena cava filter insertion, are straightforward and may not require care specifically by a vascular surgeon or within a structured acute care model, there is definitely a subgroup of patients with high illness severity who require complex and resource-intensive surgical and perioperative care. Whereas the available procedural data in this data set were nonspecific, real-world experience suggests that aortic emergencies, pseudoaneurysms, graft infections, critical cerebrovascular disease, and acute or critical chronic limb ischemia constitute the bulk of critical nonelective vascular surgery practice. 16 Management of these conditions is an existing component of general vascular practice, and they can often be managed in the community without extra resources or expertise, but the general surgery acute care experience suggests that doing so within a clinical structure dedicated to VACS could improve patient outcomes and clinical processes. The vascular field faces growing challenges in providing acute specialty care. 10, 11 For example, in a survey of California emergency departments, only 56% of facilities Changes in surgical training and the shift of vascular surgery toward an endovascular-heavy field have also raised concerns about the ability of vascular trainees to practice the full scope of vascular surgery. 26 Open aortic surgery experience, particularly ruptured abdominal aortic aneurysm (AAA) repair, during training is declining, 27 which may compromise the ability to care for patients with complex or ruptured AAA or for patients with infected aortic prostheses. This trend will likely lead to development of advanced aortic training programs and contribute to regionalization of complex aortic surgery at major vascular referral centers. 28 In contrast to trauma or acute care general surgery, in which training is focused on correcting acute conditions in the patient, vascular surgery training is technically oriented, which may contribute to graduating vascular trainees being unprepared to provide comprehensive perioperative care to acute vascular patients. The potential technical complexity, increased illness severity, and resource utilization required for management of acute vascular patients warrant regionalization of this subspecialty at high-volume referral centers with teams dedicated to VACS. In general, outcomes after complex vascular procedures are better at high-volume hospitals. 17, [29] [30] [31] Specific to emergency vascular care, limb salvage for acute limb ischemia is significantly improved by concentration of patients at specialty centers, 32 whereas high-volume aortic centers have lower mortality after ruptured AAA repair than lower volume facilities do. 31, 33 Specialized programs may further improve diseasespecific management. For example, Davies et al reported that formation of a dedicated acute aortic program as part of a cardiovascular referral center was associated with increased patient referrals, decreased time to treatment, and decreased intensive care unit length of stay. 34 More broadly, as demonstrated within trauma and acute care general surgery, regionalization is associated with improved patient outcomes and more efficient hospital and system resource utilization. [35] [36] [37] As with elective and acute vascular care, better outcomes are achieved at specialized, high-volume trauma centers. 38, 39 Because of the increased resources and personnel required to sustain such a practice, 2, 9 we anticipate that the most efficient and practical approach to initially developing VACS services would be implementation at tertiary referral centers with robust vascular services and large existing nonelective practices. Such regionalization of emergency medical care is predicated on hospital accreditation to defined resource and quality standards. Whereas accreditation is a core component within trauma care, it has not been extended to acute care surgery. Doing so for VACS could bolster the field by defining resource and clinical standards and ensuring a central role for vascular specialists in patient management. Because of the demands our institution faces in caring for acute vascular patients, we have recently implemented a dedicated vascular acute care service. Doing so capitalizes on our institutional acute care expertise generated by a robust acute care general surgery service while improving service efficiency and providing a regional resource for complex emergency vascular care. In addition to staffing similar to the "vascular hospitalist" model described by Cull et al, 9 our program incorporates what we believe are key elements of a successful service: the mechanisms to facilitate early referral and rapid transfer of patients; the ability to receive and to resuscitate high-acuity and potentially unstable patients; an in-house vascular surgery team sequestered from elective responsibilities; a comprehensive surgical intensive care unit; 24/7 access to a hybrid operating suite; and a data registry of quality assurance and improvement. VACS requires multidisciplinary care. As a diseasespecific example, multidisciplinary pulmonary embolism teams have been developed to integrate and standardize the various clinical aspects of patient management. Our team routinely engages infectious disease, podiatry, general surgery, cardiothoracic, and interventional radiology colleagues if required for supportive expertise, and care is administered within a comprehensive cardiovascular center. Implementing and sustaining such a program requires outreach within and beyond the supporting institution, such as to raise awareness of the program's resources and to develop joint management protocols. As with any new major service initiative, support from institutional leadership is critical to success.
The optimal pathway to establishing a specialized VACS practice remains to be defined. As with trauma care, establishing acute vascular center tiers based on standards for hospital resources, technical capabilities, and expertise may enable primary admission or early triage to an appropriate facility. This may be an opportunity for the vascular surgical field to define standards for emergency vascular care. Whereas the ability to provide acute care is critically dependent on hospital resources, the surgeon's expertise is also important. Although nonelective vascular surgery is a critical component of training and is within the scope of general vascular practice, given concerns about the limitations of vascular training, 27, 28 not every vascular training program may adequately prepare vascular surgeons for VACS. Indeed, particularly for complex, low-frequency procedures such as open aortic, thoracoabdominal, revision, or pulmonary embolism emergencies, training standards or specific credentials may be required in the future. Whereas several studies have reported favorable clinical, professional, and financial outcomes after adoption of an acute care surgery service, this practice model may have important barriers to implementation or negative aspects. First, the benefits seen with the acute care surgery experience may not be entirely transferable to vascular surgery because of differences in the scope and nature of vascular practice vs general surgery. Second, a relatively large group practice may be required to sustainably meet the demands of acute care coverage. 9 In addition, although an acute care model has the potential to increase overall surgical productivity within an institution, the services themselves may not be independently financially viable in all circumstances. In particular, extra institutional support of the program may be required to make them sustainable. 40 Finally, institutions with low volumes of nonelective vascular patients may not be able to realize the same potential improvements in patient outcomes and practice efficiency as facilities with larger acute care populations. 9 This study has several important limitations. Categorization of the patients relied on operational definitions of patient acuity that may not accurately match clinical or surgical reality. For example, a patient seen for a nonacute vascular condition during an acute admission for a separate problem would have been classified in the acute vascular group despite not having a vascular surgical emergency. Similarly, nonelective admission for chronic, critical interventions would have been likewise included. Although this analysis was restricted to patients undergoing vascular procedures, it is possible that the effect of acuity status on outcomes is independent of procedural status.
The procedure codes in this data set were nonspecific, and although they reflect performance of a procedure involving the vascular system, they may not have occurred during a specialty-specific intervention. Indeed, the specialty of the surgeon performing each procedure was not identified in this data set. Furthermore, we were unable to account for interhospital transfers or readmissions. As such, this analysis likely overestimates the burden of VACS. By restricting the analysis only to patients undergoing vascular procedures, those with vascular conditions undergoing nonoperative management, such as anticoagulation for bland venous thromboembolism, were not included. Despite these limitations, we believe this study provides an important, valid, and broad overview of the scope of acute vascular care in Maryland.
CONCLUSIONS
VACS is a major component of inpatient vascular practice and entails managing patients who have more severe disease, higher resource utilization, and worse outcomes. Given growing challenges in providing emergency vascular care, adoption of a regionalized acute care model will likely improve access to care and patient outcomes. As such, we propose VACS as the clinical and academic home of emergency vascular care. Their analyses likely overestimate the burden of emergency vascular care. The Health Services Cost Review Commission inpatient data set they reviewed provided minimal information about the nature of patients' vascular conditions and procedures.
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As expected, urgent or emergency hospitalization was associated with greater resource utilization and poorer outcomes. The analysis, however, could not determine whether vascular disease or injury was the reason for admission or whether vascular procedures were needed during hospitalization to address complications or comorbidities. Vascular diagnoses were not specified, nor was the urgency of procedures performed.
Many nonelective hospital admissions for vascular diagnoses are not true emergencies. Emergency Department cases may become "acute" because of lack of insurance, inadequate primary care, or because of a primary care provider's choice to first send the patient to the Emergency Department for management.
All board-certified vascular surgeons, regardless of their training pathway, should be competent to handle most nonelective problems, including thromboembolectomy, vascular access procedures, angiography, inferior vena cava filter placements, amputations, treatment of pseudoaneurysms, and the like. These procedures should not require transfer to an acute vascular care center.
Complex care is already regionalized to larger centers. There are 5564 United States hospitals, 1 but only 3767 vascular surgeons. 2 The need for triage and transfer should be considered the norm. Although there can be problems with access to care and timeliness of transfer, it is unlikely that establishing VACS teams at regional centers will be the answer. Interestingly, our group at a medium-sized academic medical center (a level 1 trauma center) instituted an acute vascular surgery care service. We found the change unhelpful. After a 1-year trial, we reverted to our traditional coverage model. We still handle ruptured aneurysms, acute limb ischemia, and other complex vascular problems, but without a service dedicated to acute problems.
Implementation a VACS service may make sense where most of the work is urgent or an emergency. That does not mean it is right for most programs. Management of clinical services needs to be based on referral patterns, local resources, and institutional priorities, not national directives.
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